. Species richness and diversity of aquatic insects inhabiting rice fields in Bogor, West Java,. Rice fields occupy the largest cultivated area in agricultural landscape in Indonesia and support a variety of living organisms, including aquatic insects. This study was conducted with the objective to determine the species richness and diversity of aquatic insects inhabiting rice fields. Sampling was made in March, May, and July 2017 in rice fields at Situgede, Pandansari, and Kawungluwuk (Bogor region, West Java, Indonesia), and carried out by dragging dip net on the bottom along the edge of the rice plots. A total of 3,306 individuals representing 45 species of aquatic insects belonging to 30 genera, 20 families, and seven orders were recorded. Order Hemiptera was the most abundance comprising 28.89% of the total insects collected, followed by Diptera (24.80%), Coleoptera (24.41%), and Odonata (21.42%). Functional feeding group analysis showed that collectors-gatherers had the highest proportion (40 -46%), followed by predators (23-44%) and scrapers (10-35%). Rank-abundance curve showed low species evenness with the four most abundant species were Micronecta siva (Kirkaldy) (Hemiptera: Micronectidae), Chironomus sp. (Diptera: Chironomidae), Orthetrum sabina (Drury) (Odonata: Libellulidae), and Helochares sp. (Coleoptera: Hydrophilidae). The Shannon-Wiener index showed the lowest value (H'=1.84) at Situgede and the highest (H'=2.05) at Pandansari. Richness estimate and individual-based rarefaction curve revealed that rice fields at Pandansari have more species richness than the other two sites. This study provides some insights into the aquatic insect community of the human-made ecosystem and suggests that the ecological approach to pest management is necessary for maintaining ecosystem health and promoting biodiversity.
INTRODUCTION
Rice is the most important food crop in Indonesia, with 9.54 million hectares harvested during January-September 2018 (BPS 2019) . Rice fields commonly occupy the largest cultivated area among agricultural land and form an ecosystem representing a major semi-natural environment (Ueno 2012) . Rice fields provide habitats for many organisms that constitute a community, which contains a wide variety of species that differ in their functions and represent biological diversity in agricultural lands (Kiritani 2000) . Therefore, rice fields support, at least in part, biodiversity in the area or region. Recently, biodiversity in rice fields has received growing attention because it plays a significant role in ecosystem services (Luo et al. 2014; Settele et al. 2019) . For example, rice fields are the habitats for diverse parasitoids and arthropod predators, which are important natural enemies of rice pests. Unfortunately, rice cultivation has been heavily dependent on continuous and excessive inputs of chemical pesticides, which causes the loss of biodiversity of such beneficial organisms and leads to the resurgence of pests (Way and Heong 1994; Katayama et al. 2014) .
Integrated pest management (IPM) is an ecological approach for the control of agricultural pests. An important principle of IPM is to maximize natural control. Therefore, the knowledge of arthropod abundance, diversity, species richness, and community structure are important considerations in designing pest management strategies (Zhang et al. 2013) . Rice fields incorporate both terrestrial and aquatic components and often support a high level of biodiversity, which plays an important role in agricultural productivity (Schoelny et al. 1998 ). The maintenance of invertebrate biodiversity within agricultural environments can enhance some important agronomical processes, such as nutrient cycling and biological pest control (Wilson et al. 2007 ). However, most of the biodiversity studies in rice fields focused on terrestrial insects, whether they are pests or natural enemies (Heong et al. 2009; Schoelny et al. 1998; Jauharlina et al. 2019) . Less attention has been paid to elements of the aquatic fauna in rice fields due to no direct economic impact on rice production (Kiritani 2000) .
Aquatic insects play an important role in aquatic ecosystem functioning (Dunbar et al. 2010) . Some of the insect pest natural enemies in rice fields are associated with water, such as aquatic insects of family Mesoveliidae and Veliidae have been reported to prey on brown planthopper (Heong et al. 2009 ). Species such as chironomids that are neither pests nor natural enemies, are useful as an alternative food of generalist predators (Settle et al. 1996) . Immigration of spiders to rice fields occurs after the appearance of chironomids (Way and Heong 1994) . When chironomids are abundant, the density of spiders increases correspondingly, and they act as biological control agents against planthoppers and leafhoppers (Hidaka 1990) . Insect communities are important factors for check and balance in the rice field, thereby controlling the increase in insect populations. Park and Lee (2006) provided isotopic evidence that filter feeders and detritivores such as those in the families Chironomidae and Entomobryidae play an important role in sustaining predators such as spiders in rice ecosystems. Kiritani (2000) proposed an Integrated Biodiversity Management (IBM) to include conservation towards such kind of insects.
Until recently, there have been only a few studies on the aquatic insects in rice fields have been conducted in Indonesia (e.g., Salmah et al. 2017) . Taking into account the importance of aquatic insects in rice fields, the present study was undertaken to determine the species richness and diversity of aquatic insects inhabiting rice fields.
MATERIALS AND METHODS

Study site
The study was carried out in rice fields located at three sites having different elevations i.e., Kawungluwuk (highland), Pandansari (midland), and Situgede (lowland). Situgede (S 6°32'58.72"; E 106°44'31.84") and Pandansari (S 6°38'32.00"; E 106°50'50.10") administratively belong to District of Bogor, West Java, Indonesia while Kawungluwuk (S 6°43'44.50"; E 107°4'21.40") belongs to District of Cianjur, West Java, Indonesia (Figure 1) . The coordinates and altitude of each site were recorded using a handheld GPS (Garmin GPSmap 62s). Due to the water availability year-round, rice was planted continuously every season. Rice varieties grown by farmers in all sites were mostly Ciherang and Inpari, while fertilizers used were Urea and NPK, and pesticides were carbofuran, cyhalothrin, deltamethrin, methomyl, and profenofos.
Insect sampling and measurement of water physicochemical properties
In each location, four adjacent rice plots (every 2000 m 2 in size) with a similar plant age were selected. Our preliminary samplings indicated that various aquatic insects were found more at the edges of the rice plot, certainly due to having more volume of water. Therefore, sampling was done on this part of the rice plot. Samples were taken along 5 m of each of four edges for every rice plot. Collections of aquatic insects in each plot were made by dragging a dip net on the bottom over a distance of 5 m along the edge of each rice plot. Samplings of aquatic insects were conducted between 8.00 am to 15.00 pm every two months i.e., March, May, and July 2017, during rice cultivation periods. On each of the three sampling occasions (March, May, July), a total of 16 samples were collected at each site. Insects caught in the net were then collected and placed in vials containing 96% alcohol for preservation, since the aquatic insects have high water content. Insects were identified up to the lowest taxonomic category following the standard keys (Morse et al. 1994; Cheng et al. 2001; Nieser 2004; Yang and Zettel 2005; Polhemus and Polhemus 2013) . Some of the species which could not be identified were included as unidentified and given numerics for the purpose of quantitative analysis. Selected physicochemical properties of rice field water including temperature, pH, and dissolved oxygen (DO) were recorded directly at the sampling sites. Water temperature and pH were measured using thermo-pH meter (ADWA AD-12), while DO was measured using DO meter (Lutron 5510).
Data analysis
The aquatic insect abundance and taxonomic richness were tabulated for each site. Mapping of sampling location in three rice fields performed using Arc GIS version 10.41. The Kruskal-Wallis test was used to compare composition among the sites. The specimens collected were assigned to different functional feeding groups (FFG) following Merritt and Cummins (1996) and Ramirez and Gutierrez-Fonseca (2014) . Species recorded in this study were pooled and ranked on the basis of the relative abundance of individual species. The relationship between the most predominant species and environmental variables was examined using the Pearson correlation. The diversity index of Shannon-Wiener (H'=-∑pi.lnpi), an evenness index of Pielou (J=H'/lnS) were used to assess insect diversity within sites (Magurran 2004 ). Significant differences in species diversity and evenness indices among the sites were determined using the pair-wise permutation test in the program PAST 3.0 (Hammer et al. 2001) . First order Chao (Chao 1) species richness estimate was used to determine the expected number of species. Sampling completeness was calculated as the ratio of observed species richness to the species richness estimate value and expressed as a percentage. Individual-based rarefaction curves, with 100 randomizations, were used to generate the species accumulation curve of species richness for each site.
RESULTS AND DISCUSSION
Physico-chemical properties
The means of pH of water showed little variation among sites, with the lowest (7.53) at Pandansari and the highest (7.88) at Situgede (Table 1 ). The lowest water temperature was found at Kawungluwuk (25.63°C), followed by Pandansari (27.10°C), and the highest was at Situgede (32.20°C). These differences in temperature were related to elevation. Kawungluwuk is located in the highland (830 m above sea level), while Pandansari in the midland (400 m), and Situgede in the lowland (170 m). The dissolved oxygen (DO) varied slightly, ranging from 4.13 mg/L (Pandansari) up to 5.28 mg/L (Kawungluwuk).
Aquatic insect fauna
A total of 3,306 individuals representing 45 species belonging to 30 genera, 20 families and 7 orders were recorded in this study ( Table 2) . The highest number of species and individuals of aquatic insects was recorded at Pandansari, with 36 species and 1,153 individuals and the lowest was recorded at Kawungluwuk with 18 species and 473 individuals. Rice fields at Situgede were represented by 28 species and 1,680 individuals. Among the three sites, rice fields at Kawungluwuk and Pandansari showed a significant difference (Kruskal-Wallis test: H=7.66, P = 0.004) in terms of species composition, but no significant difference with Situgede (H=2.54, P=0.08), and between Pandansari and Situgede (H=1.32, P=0.24). Rice fields are an ecosystem with high biological diversity compared to other agricultural areas (Stenert et al. 2012) . Many aquatic insects like hemipterans, coleopterans, and dipterans are known to reproduce in rice fields. Ponraman et al. (2016) reported 35 insect species belonging to five orders were collected from rice fields in India. A similar number of species was observed in rice fields in North Sumatera (Salmah et al. 2017 ). Thongphak and Iwai (2016) reported 17 insect species belong to 16 families and six orders in Thailand. Species richness will be underestimated if specimens are identified only to morphospecies because, at this level, genera may contain more than one species (Rosenberg et al. 2008) . For our study, only nine taxa were identified to the species level, 30 to generic level, and the remaining nine to family level (Table 2) . Unique taxa may be undetected at the generic level or higher (McPherson et al. 2013) . Therefore, the observed taxa richness may have been underestimated.
The percentage composition of various insect orders based on the abundance and number of species is presented in Figure 2 . Among the aquatic insect fauna inhabiting rice fields, the order Hemiptera was the most abundant comprising 28.89% of the total insects collected, followed by Diptera (24.80%), Coleoptera (24.41%), and Odonata (21.42%) ( Figure 2 .A). The three other orders (Collembola, Ephemeroptera, Trichoptera) represented less than 1%. The order Hemiptera was represented by eight families, with the most abundant was the member of family Micronectidae (894 individuals) or 93.6% of the total hemipteran. The order Diptera was contributed by five families representing Ceratopogonidae, Chironomidae, Culicidae, Syrphidae, and Tabanidae. Of these, Chironomidae was the most common family among Diptera in all rice fields sampled, as also occurred in rice fields in North Sumatera (Salmah et al. 2017) . The order Coleoptera was represented by families Dytiscidae and Hydrophilidae with a total of 17 morphospecies. The order Odonata was represented by the families Coenagrionidae and Libellulidae. The order Collembola, Ephemeroptera, and Trichoptera, each represented by only one family. However, in terms of the species number, insects belonging to order Coleoptera showed a higher number of species (37.78%) followed by Hemiptera (24.44%), Diptera 20.0%), and Odonata (11.11%) ( Figure 2B ). Higher species richness of Coleoptera was also reported from rice fields in Argentina (Lutz et al. 2015) . Orders Collembola, Ephemeroptera, and Trichoptera each represented by one species or about 6.7% altogether. The low abundance of Ephemeroptera and Trichoptera and the absence of Plecoptera in rice fields are expected since they are sensitive to organic pollution. They live mainly in clean and well-oxygenated waters (Rosenberg et al. 2008 ). However, Salmah et al. (2017) reported a high proportion (27.97%) of mayflies (Ephemeroptera: Baetidae) in rice fields in North Sumatera, and so Thongphak and Iwai (2016) in Thailand.
The analysis of functional feeding group (FFG) is presented in Figure 3 . For taxa belonging to more than one group, only the main feeding behavior was considered. This study showed a higher proportion of collectorgatherers, ranged from 40.36% at Situgede to 45.88% at Kawungluwuk (Figure 3 ). Collector-gatherers were dominated by Hydrophilidae and Chironomidae. Chironomids play an important role in the food webs of aquatic communities, representing a major link between producers and secondary consumers (Tokeshi 1995) . Chironomid larvae exhibit generalist and opportunistic feeding habits, i.e., feeding on what was available at that moment. Based on gut analysis, the larvae ingest five kinds of food items: algae, detritus and associated microorganisms, debris, and invertebrates (Naser and Roy 2012) . A higher proportion of predators was also found at Kawungluwuk (44.61%) followed by Situgede (32.44%) and Pandansari (22.72%). The predators were dominated by the family Dytiscidae (Coleoptera) and the family Libellulidae (Odonata). Scrapers were higher (35.04%) at Pandansari as compared to Situgede (27.08%), and Kawungluwuk (9.51%). In this study, scrapers were represented by Micronecta spp. The mouthparts indicate that they are capable of ingesting and digesting solid food, in contrast with the rest of Hemiptera, which only can consume liquid food (Hadicke et al. 2017) . It has been reported that Micronecta spp. feed on detritus and algae (Fernando and Leong 1963) . Collector-filterers were scarce and comprised less than 2% of the total insects collected, and they were represented by the larvae of Hydropsychidae (Trichoptera) and Culicidae (Diptera). 
Species ranking
The overall ranking of 45 aquatic insect species according to their relative abundance showed that M. siva, Chironomus sp., O. sabina, and Helochares sp. occupied ranks 1,2,3, and 4, respectively, having a relative abundance of 26.28%, 20.53%, 18.85%, and 18.12%, respectively (Figure 4) . The next four species are ranked between 5 and 8 with an abundance range of 1.0% to 2.4%, and they together accounted for 6.47% of total abundance. The remaining 37 species are ranked between 9 and 45 and they together accounted for 9.71% of total abundance (Table 2; Figure 4 ). The steepness of the curve indicates low species evenness. High abundance of M. siva, Chironomus sp., O. sabina, and Helochares sp. is in accordance with the previous reports, as will be discussed in the following paragraphs.
The high abundance of Micronecta spp. has also been reported from rice fields in Philippine (Schoenly et al. 1998) and Thailand (Thongphak and Iwai 2016) . The genus of Micronecta has been reported to inhabit inundated aquatic habitats or close to stagnant waters (Nieser et al. 2005) . Yano et al. (1981) reported 18 species of Micronecta associated with rice fields in Asia, with Micronecta quadristrigata Breddin as the most widely distributed and common species of the Corixidae in Southeast Asian aquatic habitats. The abundance of M. siva was negatively correlated with the altitude (r=-0.701, P =0.011). Several species of Corixoidea benefit from their role as pioneer species in quickly colonizing new habitats, including newly planted rice fields (Savage 1989) .
Chironomid larvae are one of the most ubiquitous and usually the most common insect found in all types of freshwater ecosystems (Nicacio and Juen 2015) . Chironomus is an important component that connects different trophic levels and plays an important role in the recycling of organic matter. Chironomus spp has been reported as a dominant larval chironomid genus in rice fields in various states/countries e.g., in California (Hesler et al. 1993) , Mexico (Mercer et al. 2016) , and Brazil (Wandscheer et al. 2017) . A significant abundance of Chironomidae is associated with the fact that such insects are considered resistant to the environmental conditions of oxygen depletion and disturbances associated with rice crop management (Molozzi et al. 2007) . Moreover, they are detritivores that feed on organic matter deposited in the sediment, which favors their adaptation to several environments (Wandscheer et al. 2017) .
Orthetrum sabina was one of the dominant species found in rice fields, especially at Situgede and Pandansari. A similar result was reported by Salmah et al. (2017) who conducted their study in North Sumatera. Kandibane et al. (2007) also reported O. sabina as one of the most abundant dragonflies in rice fields in Tamil Nadu, India. Rice fields provide a suitable habitat for dragonfly oviposition (Corbet 1980) . Family Libellulidae as always found to be the most dominant group of dragonflies because of its adaptation and tolerable to various environments, even to the extreme environment such as habitat with low dissolved oxygen or highly eutrophic environments (Clausnitzer 2003) . Our study found that the abundance of O. sabina was negatively correlated with altitude (r=-0.711, P =0.01).
Helochares sp. is commonly found in flooded aquatic habitats such as ponds, lakes, water banks, and riverbank (Fenglong and Tang 2018) . Yano et al. (1983) reported Helochares anchoralis (Sharp) as the common species inhabiting rice fields, they are widely distributed in the Oriental region, including Java and Sumatera. Abundance of Helochares sp. was positively correlated with water temperature (r = 0.852, P <0.001), but negatively correlated with altitude (r = -0.759, P = 0.004).
Estimates of species richness and diversity
Estimation of species richness in the three rice fields by Chao 1 showed that expected species richness for Kawungluwuk and Situgede (Table 3) are very close to their observed values (Table 2) , with sampling completeness were 92.30% and 97.02%, respectively. The estimate of species richness for Pandansari (42) was higher by six species than the observed value (36), or sampling completeness was about 86%. The Chao1 estimator is calculated using taxa represented by singletons or doubleton specimens (Colwell and Coddington 1994) . As the number of singletons increases relative to doubletons, the estimate increases in value (Chazdon et al. 1998 ). Individual-based rarefaction curves from the three rice fields showed a quick rise at first and then leveled off ( Figure 5) .
The Shannon-Wiener diversity index of Kawungluwuk (H'=2.03) and Pandansari (H'=2.05) each significantly (P = 0.001 and P = 0.004, respectively) were higher than those of Situgede (H'=1.84) ( Table 3 ). These differences among rice fields may be related to changes in species richness, evenness, or both. An increase in species richness and evenness will cause H' to increase. Rice fields at Pandansari and Situgede have similar values of evenness (J=0.57 and J=0.55, respectively), and this difference in H' values between the two rice fields was due to higher species richness at Pandansari (S=36) than at Situgede (S=28). In contrast, rice fields at Kawungluwuk have the lowest richness (S=18) but have significantly (P=0.001) higher evenness (J=0.70), and this contributes to a relatively high H' value. The diversity of aquatic insects in rice fields can be affected by agronomic practices. Thongphak and Iwai (2016) found the Shannon-Wiener index of aquatic insects in organic rice fields in Thailand averaged 2.02, whereas in conventional rice fields 1.92. Wilson et al. (2007) also reported greater biodiversity existed within aquatic macroinvertebrate communities of rice fields that developed under organic management regimes than under conventional regimes in Australia. The biodiversity in rice fields also depends on the quantitative status of water as well as physicochemical properties. The abundance of aquatic macroinvertebrates generally increases with water permanence, as more species can complete their life cycles. Therefore, the length of the flooded period has special importance in structuring rice field macroinvertebrates (Stenert et al. 2018) .
Implication for IPM and conservation
Rice fields are human-made ecosystems with high biodiversity of aquatic macroinvertebrates (Stenert et al. 2012 ). One of the most abundant aquatic insects in the rice fields is chironomids. They can function as an alternative food source for generalist predators such as spiders (Settle et al. 1996) . Abundance of chironomids is generally followed by the increase of spider density, which in turn acts as biological control agents against planthoppers and leafhoppers. Therefore, the presence of filter feeders and detritivores such as those in the family Chironomidae play an important role in sustaining predators such as spiders in rice ecosystems. Settle et al. (1996) reported that detrital subsidies to rice fields had been found to initiate trophic cascades in which primary producer populations are increased, leading to increases in predator numbers and reduction in primary consumers from the larger predator population. Generating this cascade, especially in the early growing season in rice fields, has been found to reduce the number of insect pests in rice fields. Biological control via detrital subsidies can reduce the need for pesticide applications that negatively affect wetland biota (Mercer et al. 2016 ). This condition is important in understanding and developing ecologically-based IPM for rice.
Although rice fields lack the structural and floristic diversity of natural wetlands, they can be important for conservation initiatives, particularly in areas where natural wetlands have declined. Flooded rice fields can provide habitats for wetland species and ecosystem services similar to those of natural wetlands (Katayama et al. 2014) . Rice fields are temporary wetlands that harbor many of the same species that breed in temporary natural ponds. In this regard, rice fields have been recognized as having considerable conservation value for many aquatic species, including macroinvertebrates (Maltchik et al. 2017) . Two insect species i.e., Lethocerus deyrollei Vuillefroy (Hemiptera: Belastomatidae) and Cybister tripunctatus orientalis Gschwendtner (Coleoptera: Dytiscidae) have been listed on the red data list book as endangered species inhabiting rice fields in Japan (Hidaka 1988) . The rice agroecosystem has the potential to help sustain regional biodiversity and ecosystem services.
Therefore, environmentally sound rice production and ecological sustainability can be achieved by restoring rice field biodiversity, including aquatic insects.
In conclusion, the rice fields in the Bogor area were inhabited by at least 45 species of aquatic insects representing 30 genera, 20 families and seven orders. The four most common species found were Micronecta siva (Hemiptera: Micronectidae), Chironomus sp. (Diptera: Chironomidae). Orthetrum sabina (Odonata: Libellulidae), and Helochares sp. (Coleoptera: Hydrophilidae). Rice fields can be important for conservation initiatives, particularly in areas where natural wetlands have declined.
